Abstract-According to the development of new technologies of the Web, there are many researches incorporating web technologies into e-learning environment. Especially, ontology engineering has been applied to invent the semantic models of various learning entities. We have focused on the design of the integrated learning ontology conceptualizing multilevel knowledge structures, such as curriculum, syllabus, learning subject, and materials. In this paper, we present the designed curriculum ontology and syllabus ontology in detail. In addition, we propose a syllabus integration and classification method based on the definition of the semantic model of the syllabus. This approach has the contribution in terms of adaptive concept sequencing and syllabus sharing.
I. INTRODUCTION
As the rapid progress of the Internet and Web technologies, e-learning technologies also have been improved by applying these new web technologies for the last decades. Similar to the evolution of Web technology, the evolution of e-learning technology can be categorized into e-learning 1.0, e-learning 2.0, and e-learning 3.0 [1] . In e-learning 1.0, learning content created, stored and distributed on the Web for viewing the content online. E-learning 1.0 made learning objects available online to support easy and convenient access. E-learning 2.0 incorporates the capability that students can access learning material passively as well as share their opinions by writing notes. E-learning 3.0 is characterized with the both of collaborative and intelligent [2] . In e-learning 3.0, students can have self-organized or personalized learning based on the application of the Semantic Web technology.
Recently, lots of e-learning related research has been trying to develop the intelligent e-learning system by incorporating ontological engineering. The researches applying ontology technology to education field are classified into curriculum or syllabus ontology creation [3] , [4] , ontology-based learning object organization, and ontology-based learning content retrieval. The studies for education ontology creations include curriculum ontology creation [5] and personal subject ontology creation [6] .
Mizoguchi [7] , [8] proposed an ontology-based solution to solve several problems caused by intelligent instructional systems. There are other works to define the metadata of learning objects and learning paths based on ontology engineering technology [9] , [10] . These works concentrated on the management of learning objects and materials and performance enhancement of instructional systems. Furthermore, the ontology technology can be used to make the knowledge structure, which improves the interaction among teachers and students and enables spontaneous learning of students, of teaching contents and learning materials for students based on semantic information.
Curriculum sequencing denotes the organization of learning units, i.e. courses, in an appropriate order for that students can learn their subject areas and learning tasks [3] . In e-learning filed the previous studies have proposed the approaches to construct adaptive learning paths for suitable for students individually [11] , [12] . However, they are concerned only courses as learning units rather than more detailed learning concepts, which are described in learning materials or lectures, to be ordered with curriculum sequencing.
The syllabus is created by an instructor for students in order to introduce the teaching course and provide useful information and learning materials. Most students may use the course syllabus to recognize course purpose, policies, assignments, tests, out-comes, and so on. The course syllabus is an important entity as a skeleton of course, but most syllabuses only organize general information about the course like title, description, instructor, grading policy, textbook, schedule, and so on. To enable syllabus-based intelligent services, the textual unstructured syllabus should be transformed into the well-designed semantic model.
Our ongoing e-learning project has a goal to develop a learning ontology model which integrates different kinds of learning entities like curriculum, syllabus, learning subjects, and learning materials based on a layered structure. In addition, we have been developing ontology-based services which are curriculum aligning, syllabus classification, semantic retrieval of syllabuses and learning concepts, and adaptive learning path recommendation. In this paper, we present our designed learning ontology model, especially curriculum ontology and syllabus ontology in detail. In addition, we describe the integration and classification methods of the heterogeneous structured syllabuses based on the learning ontology.
II. THE INTEGRATED LEARNING ONTOLOGY
We consider a curriculum as the top-level information of educational data entities of a university. Generally, a curriculum is composed of a list of courses which are
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Hyunsook Chung and Jeongmin Kim scheduled for education period. A course can be defined as a set of syllabuses, teaching and learning activities, lecture materials, assessment, and so on. A syllabus, which is a blueprint of a course, includes various important information describing instructor, learning objective, assignment, policy, teaching schedule, and so on. A weekly teaching schedule represented in a syllabus contains the core topics that students should learn in a semester. Each topic can be conceptualized with a series of learning concepts and relationships between them, which has specific learning materials and objects, such as paragraphs of a textbook, multimedia items, web pages, and so on. All above mentioned educational information should be integrated and interlinked to provide the intelligence services on e-learning environment. Fig. 1 shows the four-layered learning ontologies, which are composed of Curriculum Ontology, Syllabus Ontology, Subject Ontology, and Resource Ontology.
III. CURRICULUM ONTOLOGY DESIGN
Current most curriculum management systems of universities provide only a list of open courses and credit information about them for each department. The goal of our curriculum ontology is in the provision of a complete representation of the knowledge areas of disciplines for educators, curriculum designers, education jurisdictions, and students. Thus, the curriculum ontology can be used to support curriculum development through curriculum matching, interlinking, and classification between relevant disciplines. In addition, it covers a set of syllabus ontologies, linked to course classes defined in the curriculum ontology. In order to design the curriculum ontology, we referenced Computing Curricula 2013 [13] , [14] , which is an international curricular guidelines for undergraduate programs in computing related disciplines created by ACM and IEEE-Computer Society. As shown in Table I , classes defined in the curriculum ontology represent not only the existing curriculum structure, but also knowledge structure defined in CC2013. Table I describes a partial list of classes defined in the curriculum ontology. Fig. 2 represents some relationships of the curriculum ontology established between classes, which are including hasBodyOfKnowledge, hasKnowledgeArea, hasCourse, hasMajorCourse, hasElectiveCourse, and so on. For example, a specific course titled as "Understanding Java Programming" has a subsumption relation with an instance of UnitOfKnowledge class titled as "Java Programming". The curriculum ontology in which all relevant concepts and relationships between the concepts of the discipline are formalized can be served as a knowledge base for supporting curriculum review, development and progress. More specifically, two curriculum ontologies can be aligned and compared to performing the existing ontology matching approaches to figure out the similarity and dissimilarity of them. The result of aligning and comparing is useful as a reference for improving the current curriculum.
IV. SYLLABUS ONTOLOGY DESIGN
The syllabus is a kind of blueprint of a course to guide students. A teacher creates a syllabus for introducing his/her course, which will be taught in the upcoming semester, and helping students to register and ready the lecture. Much important information like learning objectives, outcomes, grading policy, assignments, and learning topics is described in detail using predefined formats or templates. Nevertheless, the value of the syllabus is underestimated by students. They read and reference syllabuses only for preparing the courses, which will be taken by them in next semester. If syllabuses can be represented as well-structured and machine-readable formats, the following intelligent services for supporting teaching and learning can be developed.  Syllabus matching and interlinking  Syllabus versioning and history tracking  Syllabus recommendation  Syllabus-based adaptive learning pathway  Syllabus knowledge bases with semantic searching and browsing We design a syllabus ontology after performing the analysis of textual syllabus formats, which are available on the web, and defining classes, properties, and semantic relationships to describe a unified format. Table II shows a partial set of defined classes in the syllabus ontology. The top most abstract class is Syllabus, of which subclasses are extracted and defined from the existing formats after inventing a standard structure. Fig. 3 shows a part of the class To measure the achievement of students, we formalize and design the structured format of learning objectives. Most of all learning objectives in the current syllabuses are described as textual format. For example, learning objectives, a course syllabus titled "Understanding Java Programming" may be described as follows:  Understand the syntax and semantic of Java programming language  Design a class through defining properties and methods  Implement programs in the object-oriented perspective Teachers and students read and understand textual learning objectives. However, the textual description should be formalized to perform machine-readable processing and achievement calculation automatically. We design a learning objective class and relationships depicted in Fig. 4 . As you see in Fig. 4 learning objectives have connection with assignments, exams including quizzes, and learning subjects. First of all, we reference the Boom's taxonomy represented in Table II and define the structure of learning objective class as the following tuple which is composed of five elements, identifier, learning objective, cognitive level, attitude level, and skill level.
<ID, obj i , C j , A k , S p > obj : each sentence of learning objectives C : a specific cognitive level related to obj i A : a specific attitude level related to obj i S : a specific skill level related to obj i
To create interlinks between learning objectives and assignments, we add identifiers of learning objectives to the related each of the assignments. For exams and learning topics, we did the same process to connect with learning objectives. In addition, we create an achievement matrix in order to measure the learning achievements of students for hierarchy rooted with Syllabus class and connected with part of relations.
weekly learned topics as well as the entirety of a course as depicted in Fig. 5 . In the achievement matrix, the columns are learning objectives and rows are students. Each cell has a value representing the degree of achievement of a certain student against a specific learning objective (see Table III ). From the achievement matrix, we can figure out students who have a lower achievement for each learning objective than a specific threshold which means a minimum requirement. These unfulfilled students can be guided to study the unachieved topics by the generation of adaptive learning paths. As shown in Fig. 6 the adaptive learning paths can be generated in different granularity. The high-level learning path can be created using syllabuses and their relationships. The low-level learning path can be created using learning concepts and their relationships defined in the subject ontology. Table IV represents the semantic relationships that can be established between syllabuses. A course may have several syllabuses, but the active syllabus is only one created recently. The others are maintained with a relationship, isOldVersionOf/hasOldVersion, in the syllabus repository. Thus, we can trace the change history of a syllabus and make the syllabus to be useful with the plenty of learning-related information. 
V. SYLLABUS CLASSIFICATION SCHEME

A. Mapping Rule Definition
To integrate heterogeneous structured syllabuses based on a unified structured format we first define mapping rules to be used for connecting entities of different formats of syllabuses. A mapping rule denotes a tuple of a standard heading term and a set of corresponding but different terms as follows (1) . (1) In (1), t s denotes a standard term and the other terms, t i , denote the corresponding terms. When students enter query keywords to search syllabuses, the query keywords can be expanded using mapping rules. So, a lot of relevant syllabus can be delivered to users to be considered.
Syllabus classification is the organization of heterogeneous syllabuses created by different instructors based on a standard taxonomy of knowledge area. The CS2013 defines the body of knowledge as a hierarchical structure. Fig. 7 shows a partial hierarchy of Programming Language knowledge area. PL knowledge area connects 17 knowledge units directly. These knowledge units correspond to courses in the computing curriculum. Each knowledge unit has children, which denote the subjects to be learned in courses, in 2 or 3 levels. Our syllabus classification method consists of the following steps: First, we create a knowledge area mapping 
Second, morphological analysis performs to identify noun terms from the title and description segments of a syllabus. Third, the extracted terms as a result of morphological analysis can be compared to index terms of the mapping table in order to compute the string similarity between them using expression (3) and (4 
Finally, the well-matched knowledge units having the similarity values higher than a predefined threshold can be identified as the ranked list. Then, a given syllabus can be classified to the best-matched knowledge unit semi-automatically.
VI. CONCLUSION
In the education fields, both of curriculum and syllabus are very important for teachers and students. They can understand what they teach and learn for each semester from curricula and syllabuses. The goal of our research is the improvement of the usability of curriculum and syllabus through the design and implementation of learning ontologies. We designed the semantic model of curriculum with the purpose of organizing knowledge areas and subjects for each discipline rather than laying out courses. Curriculum ontology can be used to integrate different curricula of departments of same discipline or enable the convergence of multiple disciplines.
Our focus on design of syllabus ontology is the development of the standard knowledge structure to be used for creating syllabus repository. We created the schema of syllabus ontology to include multiple subject ontologies which conceptualize learning concepts be taught in lectures. In this paper, we present a syllabus classification scheme as well as learning ontologies. This scheme can be used to transform unstructured syllabus into an instance of syllabus ontology and then store the instance into a syllabus repository.
Our future work is the development of an intelligent service framework based on the integrated learning ontology to support curriculum design process, syllabus reference service, personal learning services, and so on.
